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The present invention relates generally to novel water treatment compositions and methods of preparation and use. More particularly, 
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of preparing solid water treatment compositions and methods for controlling biofouling, disinfecting, cleaning and water systems are also 
provided. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on tbe front pages of pamphlets publishing international applications und» the PCT. 



AL 


Albania 


ES 


AM 


Annenia 


n 


AT 


Austria 


FR 


AU 


Australia 


GA 


AZ 


AzeriMujan 


GB 


BA 


Bosnia and Rozegovina 


GE 


BB 


Baitiadas 


GH 


BE 


Belglnin 


GN 


BF 


Buikina Faso 


GR 


BG 


Bulgaria 


HU 


BJ 


Benin 


IE 


BR 


BlBUl 


IL 


BY 


Belarus 


IS 


CA 


Canada 


IT 


CF 


CencraJ Airican Republic 


JP 


CC 


Congo 


KE 


CH 


Switzerland 


KG 


CI 


cote d'lvoire 


KF 


CM 


Cameroon 




ON 


China 


KR 


CU 


Cuba 


KZ 


CZ 


Czech Republic 


LC 


DB 


Gennany 


U 


DK 


Denmaric 


LK 


EE 


Estonia 


LR 



Spain 
Finland 
France 
Gabon 

United Kingdom 

Gecxgja 

Ohana 

Goinea 

Greece 

Hcmgaiy 

Ireland 

Israel 

Iceland 

Italy 

Kenya 

Kyrgyzstan 

Democratic People's 

Republic of Korea 

Rq>ub1ic of Korea 

Kazakstan 

Saint Luda 

Liechtenstein 

Sri Lanka 

Liberia 



LS 
LT 
LU 
LV 
MC 
MD 
MG 
MK 

ML 

MN 

MR 

MW 

MX 

NE 

NL 

NO 

NZ 

PL 

PT 

RO 

RU 

SD 

SE 

SG 



Lesotho 


51 


Slovenia 


Lithuania 


SK 


Slovakia 


Luxembouig 


SN 


Senega] 


Latvia 


sz 


Swaziland 


Monaco 


TD 


Chad 


Republic of Moldova 


TG 


Togo 


Madagascar 


TJ 


Tajikistan 


The former Yugoslav 


TM 




Republic of Macedonia 


TR 


Tbifcey 


Mali 


TT 


Trinidad and 'TDbqgo 


Mongolia 


UA 


Ukraine 


Mauritania 


UG 


Uganda 


Malawi 


US 


United States of Amonca 


Mexico 


UZ 


Uzbekistan 


Niger 


VN 


Viet Nam 


Netherlands 


YU 


Yugoslavia 


Norway 


ZW 


Zimbabwe 



New Zealand 
Poland 
Portugal 
Romania 

Russian Federation 

Sudan 

Sweden 

5ingqK)it 



wo 00/34186 



PCTAJS99/27861 



SOLID WATER TREATMENT COMPOSITION 

AND METHODS OF PREPARATION AND VSR 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates generally to water treatment compositions and methods of 
preparation and use. More particulariy» the invention relates to solid water treatment 
contpositions comprising a halogen source and an amine compound, methods of prq}aring solid 
water treatment compositions and methods for controlling biofouling, disinfecting, cleaning and 
water systems. 

2. Pescriptiop of Related Ait 

A wide variety of water systems are used for hygienic, recreational, commercial and 
industrial purposes. Typical water systems include cooling towers, swimming pools, spas, 
decorative fountains, dehumidifiers, waste water treatment systems^ air conditioning and 
refiigeration systems, boiler treatment, desalinadon, food processing ground and surface water, 
industrial effluent, industrial process water, oil field and petroleum processing, p^er and pulp 
processing, septic and sewage treatment, laundry cleaning and.sanitation systons, sink sanitizer 
systems in bars and restaurants, hard surface disinfectant systems in food service areas, 
disinfectant/sanitizer systems in the brewing industry, disinfectant systems for fiuit and 
vegetable wash, ponds, reservoirs, potable water and toilets.. A common problem associated with 
most types of water systems is contamination of the water by inorganic and organic debris 
entering the system. Water systems also provide conditions ideal for the growth of many types 
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of xnicrooiBamsms. Formation of miooorganism deposits is known as biofouling and can occur 
on almost any surfece exposed to an aqueous environment Biofouling causes aiergy loss ftom 
the system due to increased transfer resistance on the system surfeces. 

Prior art approaches to controlling biofouling disinfecting and cleaning water systems 
include the use of hypohalite such as hypochlorites and hypobromites in various forms and 
combinations. As used herein. hypohaHte refers to any compound that yields hypohalous acid. 
(HO^O or hypohaUte ion {OX species whereinX is halogen when dissolved in water). 
Generally, a l^halite source is added to the water to react with and eliminflte cnnt^,'T,PT,fc a 
specific concentration of free avaflable halogen must be established arid maintained for efifective 
biofouling control, disinfecting and cleaning. \ ' ' ' 

HypohaKte species disinfect and clean water by reacting wi& ddbris and microorganisms 
that interfere wifli sanitary conditions in the water. The hypohaHte species eliininate die 
contaminants by chonical oxidation tiiat produces innocuous reaction products. Because there 
are many types of contaminants that can react with this hypohalite species, many possible 
reactions can occur and a multitude of by-reaction products are fom The rhajority of 
contaminants, however, comprise various forms of naturally occuning nitrogen compounds. The 
nitrogen compounds are destroyed by the reaction of thc^ compound with hypohalous acid. The 
reaction results in the fomiation of nitrogen, carbon dioxide, water, chlorides and water soluble 
organic substances. As a result, the water is cleaned and sanitized. 

The concentration of the hypohaUte species can be determined by several methods and is 
commonly expressed in terms of parts per miUion (ppm) of free available halogen, gmeraUy 
chlorine or bromine. The optimum free available halogen concentration varies ma water system 
depending on the type of system and other environmental factors that must be taken into 
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consideration. Cooling tower water generally requires free and combined available chlorine from 
about 1.0 toIO ppm; swimming pools generally require free available chlorine from about 1,0 to 
5.0 ppm; spas generally require free available chlorine from about 3.0 to 5.0 ppm; toilet water 
generally requires free and combmed available chlorine from about 2 to 30 ppm; potable water 
generally requires free and available chlorine from about 2.0 to 3.0 ppm; and cleaning and 
sanitizing solution generally requires chlorine from about 100 ppm. The amount of free 
available chlorine or bromine necessary for treating a particular system is well known in the art. 

The most economical and widely used source of free available halogen is gaseous 
chlorine as evidenced by the &ct that it is used to disinfect > 99 % of the public drinking water 
siq}plies and > 95 % of the municipal public swimming pools. Gaseous chlorine is inexpensive 
and has excellent disinfecting properties. The free chlorine residuals in the water are easy to 
maintain and monitor diroiighout the water distribution systems. However, the free chlorine 
residuals are unstable in bodies of water that are exposed directly to sunlight The decomposition 
of the chlorine residuals is due the UV rays. The half-life of the chlorine residuals range from 2-4 
hours depending upon the temperature of the water and the intensity of the sunlight. To mamfurn 
the optimum free chlorine residual in the water system, gaseous chlorine must be continually fed 
into the water system to replace the free chlorine lost to UV degradation and reactions involved 
in the disinfecting of the water. In addition, gaseous chlorine is hazardous and requires a high 
level of technical expertise to control the gaseous feed system and prevent the release of 
hazardous amounts to the environment As a consequence, other halogen sources are preferred 
over gaseous chlorine in many of the water treatment implications, particularly, residential, small 
public and private club swimming pools and mid-size cooling water recirculation systrais. 
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Various attempts have been made to develop hypohaUte-geaerating products fliat 
overcome the problems associated with gaseous chlorine. One of the most successful product 
developments has been &s compressed forms such as, tablets, pucks, sticks, and the like of 
trichloroisocyanuric acid (TCCA). TCCA is now widely used to dian&ct residential, small 
pubKc and private club swimming pools. TCCA has significant advantages over other products 
because it generates cyannric acid which reduces the degradation of the free chlorine residuals by 
UV. Also, the free available chlorine content of TCCA ii typically 90,5 % which is considerably 
higher ( > 25 %) than other products, except gaseous chlorine which is 100%. In addition, it is 
easily conqnessed into soUd fomis that permit its use in simple low-cost dissolving devices such 
as erosion feeders, floating feeders and skimmers to chlorinate the water continuously. Moreover, 
TCCA is safer to use than gaseous chlorine. 

Despite TCCA's advantages over other ddorine products, disadvantages remain in its use 
in some water treatment appUcalions. For instance, TCCA dissolves relatively fast in water. As a 
result, the concendration of the hypochlorite species in tiie wattt systems tend to be high* making , 
the water acidic and corrosive. AdditionaUy, chloramitMs, which have objectionable odors, are 
generated. The combination of these properties has prevtated TCCA from becoming widely used 
as a sanitizer in automatic toilrt cleaning, spas and indoor swimming pool applications. TCCA 
can also form nitrogen tidiloride, a very hazardous conqiound that detonates readily v*en 
subjected to smaU mechanical, electrical or fliomal shocks. This disadvantage prevents TCCA 
from becoming widely used in many cooling water treatment applications. 

Attempts have been made to develop hypobromite products as an alternative to TCCA 
and other hypochlorite products. The most successful ones have been bromochlorohydantoins 
such as 1-bromo. 3-chloro-5,5-dimethyhydantoin (BCDMH) and a composition comprising 60 
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weight percent l-bromo-3-chloro-draietfayl hydantoin, 30 weight percent dichloro-dimethyl 
hydantoin and 10 weight percent l,3^ichloro-5-cthyI, 5-methyl hydantoin (BCEMH). For 
example, the BCEMH may comprise 60 weight percent l-bromo-3-chloro-dimcthyl hydantoin, 
27.4 weight percent dichloro-dimethyi hydantoin and 10.6 weight percent l,3-dichIoro-5-ethyl, 
5 5-methyI hydantoin and 1 weigh percent sodium chloride. These products are now more widely 
used in indoor swimming pools, spas, automatic toilet bowl cleaning and mid-size cooling water 
treatment applications than chlorine products, because they overcome the objectionable 
chloramine odor associated with chlorine products and are more effective with current alkaline 
treatment practices for cooling water re-circulation systems. However, the products still are not 
1 0 widely used to disinfect outdoor swimming pools because the free bromine residuals (HOBr and 
OBf) are degraded very rapidly by UV rays and no suitable means has been devised to slow the 
degradation process significantly. Moreover, the cost of disinfecting water systems with bromine 
is at least two times as much as disinfecting with TCCA. In addition, a BCEMH type product has 
limited application in indoor swimming pools because it dissolves faster than the dominant 
15 bromine product, BCDMH. 

Thus, TCCA could compete more successfully in the automatic toilet cleaner and water 
cooling treatment applications if a way is devised to control the dissolving rate of TCCA, reduce 
the acidity of the TCCA solutions, overcome the chloramine odor and resolve the nitrogen 
trichloride problem satisfactorily. In addition, BCEMH could compete more successfully with 
20 BCDMH if a way is devised to reduce flie dissolving rate to a level similar to, or acceptably 
higher or lower than, that of BCDMH. 

Thus, most water treatment compositions are limited in, or precluded from, use in some 
water treatment applications because of the inherent problems associated with the dissolving rate 
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Of the compositions. The halogen soutce is often the most expensive material used in the 
composition making the conqx«itions relatively expensive to manufecture^^ 
control the opthmmi fiee available halogen have concentrated on preserving the hypohalite 
speciesafterithasakeadybeenreleasedintothesolution. Thus, none of the prior art attenq,ts 
have fomid satisfictoiy water treatment (impositions with dissolving rat« 

particular water system that are both convenient and cost effective to manu&ctme. 

Thus, there is still a need in the art for a composition that can deliver a convenient cost 

effective water treatment composition with acontrolled dissoWing rate that is less corrosive to 

the water system without the undesirable halamine odor associated wi^ 

prior art Preferably, the composition should be readily customized for a particular type of water 

s}^stem. 

SllMAIARY OF THE INVENTION . . 

The solid water treatment composition of the invention comprises at least one halogen 
source and at least one amine compound. In one embodiment, the soUd water treatment 
composition comprises a chlorine or bromine souree or a combination thereof and at least one 
amine compound or combimition thereof in a soKd forni wherein the at least one amirie 

compound nrfuces die dissohrmg rate ofthe halogen source when water treatment 
immersed in water or other aqueous solution, while maintaining the structural integrity of tiie 
soKdfomi. lIiewatertrBatinent.compositianmayfHrthercompriseatabl 

Another aspect of the invention is a mediod of preparing the water treatment composition. 
Tbs method provides water teatment compositions wherein at least one halogen source and at 
least one amine compound react when the soUd water treatment con^osition contacted with 
water or other aqueous solution. 
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To further achieve the object of the invention, the invention provides methods of using 
solid water treatment compositions of the invention for disinfecting, cleaning and controlling 
biofouling in water systems. 

Other features and advantages of the present invaition will become apparent 6om the 
following description of the invention which refers to the accompanying drawings. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows an ^aratus used for the detemiination of steady state dissolving rates of candidate 
tablet compositions. 

FIG. 2 shows tiie toilet apparatus used in the toilet flush system test 

FIG. 3 shows die decrease in weights for the composition of the invention comprising 10% by 
weight melamine and 90% by weight TCCA and BCEMH tablets during a toilet flush test 
FIG. 4 shows the decrease in weights for the composition of the invention comprising 20% by 
weight melamine and 80% by weight TCCA and BCEMH tablets during a toilet flush test 
FIG. 5 shows the decrease in weights ftir the composition of die invention comprising 30% by 
weight melamine and 70% by weight TCCA and BCEMH tablets during a toilet flush test 
DETAILED DESCRIFnON OF THE INVENTION 

The solid water treatment composition of thei present invention comprises a halogen 
source and at least one amine compound. Thie solid water treatment of the invention may also 
comprise tabletting additives. Solid forms of the water treatment composition can be blended 
powders in packages, compressed granules, tablets, pucks, sticks, briquettes, pellets, extrusions, 
agglomerations, flakes, sheets, cast blocks, compressed blocks and the like. 

As used herein, the "at least one halogen source** comprises one or more compound that 
provides hypohalous acid. HOX or hypohalite ion, OX' species wherein X is halogen when 
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dissolved in water. The halogen source comprise any halogen or a combination thereof. 
Halogen ion such as chlorine, bromine, and iodine may be particularly useful Preferably, the 
halogen source comprises chlorine or bromine or a combination thereof Representative halogen 
sources, for example, include trichloroisocyanuric acid (TCCA). dichloroisocyannric acid 
(DCCA), monochloroisocyaauric acid, potassium dichlonrisocyanuric acid, sodium 
dichloroisocyanuric acid dihydrate, anhydrous sodium dichloroisocyanuric acid, 
tribiomoisocyanuric acid, dibromoisocyanuric acid, monobromoisocyanuric acid, monobromo- 
dicmorodiloroisocyamiric acid, dibromo-monochloroisocyanuric acid, calcium hypochlorite, 
lithium hypochlorite, l,3-dichtoro.5,5rdimethylhydantpin(DCDMH), U-dfljiomo 5, 5- 
dime&ylhydantoin, l-bromo, 3-chloro-5.5-dimethyhydantom (BCDMH), l,3-dichIon>.5- 
methyI-5-ethyIhydantom, 1. 3-dichloro-5, S-dimethyliydantom, tridiforomelamme, 
tribromomelamine. TTie at least one hatogen source further comprise a conqxjsitions 
consisting of one mole of trichloroisocyanuric acid and four moles of potassium 
dichloroisocyanuric acid; compositions comprising sodium bromide s^d chlorine; compositions 
comprising a metal bromide and chlorine; compositions comprising trichloroisocyanuric add and- 
potassium bromide; andcon^ositionsconq>risingabout60% by wei^t l-bromb-B-chloro-' 
dimethyl hydantoin, about 30% by weight 1,3 dichloro 5,5 dunethyl hydantoin and about 10% by 
weight l,3-dichloro-5-ettiyl, 5-methylhydantoin.,. 

Halogen sources are readily available in commercial fonn. The most prefened halogen 
source is TCCA. However, it will be appreciated that the at least one halogen source is not 
critical, provided that the at least one halogen source yields hypohalite species capable of 
reacting with the at least one amine compound on or near the surfece of the soHd composition 
when the water treatment composition of the present invention is immersed m water. 
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As used herein, the amine compound can be any compound that has one or more primary 
amine groups (-NH,) attached to a carbon atom that has amine functionality in the presence of 
hypohalite. The amine compound can be an aromatic amine, heterocyclic amine, condensed 
hydrocarbon amine, aDq^l amine, organometallic amine and derivatives thereof or combinations 
thereof. The amine compound should be less soluble than the at least one halogen source. The 
amine group or groups of the compound must be reactive with hypohalite species produced 
when the water treatment composition of the present invention comes in contact with water. The 
amine compound can be substituted or imsubstituted provided that the amine nitrogen atom or 
atoms of the compoimd are available to react with hypohalite produced when the water treatment 
composition comes in contact with water. Prefenied amine compounds comprise at least one 
amine grotq) attached to a carbon atom ofa ring structure. More preferred compounds are 
unhalogenated heterocyclic compounds conqnising at least one amine group Attached to a carbon 
atom of the ring structure wherein one or more atoms of the heterocyclic ring(s) is nitrogen, 
oxygen or sulfur. It is to be appreciated that while the preferred aininecoiiipouxu^ 
unhalogenated, a halogenated compound may be used provided that the compound has amine 
functionality so that the amine nitrogen reacts with hypohalite species produced when the water 
treatment composition of the present invention is immersed in water. It is anticipated that 
combinations and mixture of amine compounds may be used in the invention. Rq)resentative 
amine compounds are melamine arid derivatives thereof pyrimidine derivatives, piperazine and 
derivatives thereof piperidine derivatives, piperidone derivatives, piperazine diones and 
derivatives thereof pyridine derivatives, pyridazine and derivatives thereof, napththyridines 
derivatives, anthracene derivatives, hydantoin derivatives, imidazole derivatives, 
imidazolidinone derivatives, glycoluril derivatives, oxazolidinone derivatives and combinations 
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at 



or mixtures thereof Pn^fened amine compounds comprise fom one to three jhc 
most prefared amine compound is melamine. 

Thepresentinventionutilizestheaminenitrogeaofthe amine compound to react witli 
hypohalite when the water treatment composition of the present invention is immersed in water 
; "o*«aqueoussoIution.TheatleastonebalogcnsourceyieldshypohaHtesp^^ 

watertreatmentcompositionisimmersedinwater. The hypohalite species then reacts with the 
least one amine compound forming halamine compomids on ornear the surfece of the soUd 
water treatment composition. ITie resuIting halamine reaction products have a dissolving rate 
slowerthantfaeatleastonehalogensource. The process continues as the halamine conq)omids 
dissolve and more at least one halogen source is exposed to the water yielding hypoh^^^ 
to react with the amine compound. The process continues until the soUd water treatment 
composition is completely dissolved. ITms, the solid form of the invention maintains its 
structural mtegrity while providmg an e£G«tiveamomxtofhalograsp^^ 

TTie overall dissolving rate of the water treatment composition of the invention generally 
will be between the dissolving rate ofthe at least one halogen source and theaminew^ 
Asaresdt of Ae slowed rate ofhypohalousacidproduction, the hypohateus concent 
water is less than would be obtained fiomsoUdWcomprising the at least one halogen source 
alone, such as TCCA. Further, halamine levels in the water are significantly reduced when the 
soUd water treatment composition is used which m turn reduces objectionable hahmiine odors 
associated wid, using a halogen source done. In addition, the reductions in the h^^ 
com^ntration in the water decreases the potential to form hazardous amounts of nitrogen 
trichloride. 
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Solution pH levels when the water treatment composition is used generally will be higher 
than with using a halogen source alone. The amine groups behave like bases and react with 
hydrohalic acid (e.g. , HCl, HBr, etc.) reaction products to form amine halide salts thereby 
neutralizing the acids and making the solution pH of the water less acidic. The increased 
solution pH level is less corrosive to components of the water system particularly valves and 
other mechanical parts which regularly come into contact with the waterl 

A particular aspect of the invention is the economical manufacture of the solid water 
treatment composition. Many amine compounds are less costly than typical halogen sources. 
Tabletdng additives can be added to flie invention to aid in the economical manufacture and 
effectiveness of the solid water treatment composition. 

As used herein, tabletting additives refer to agents sudi as buUdng agents, dissolution 
control agents, pH control agents, flocculatmg agents, chelating agents, corrosion mhibiting 
agents, internal lubricating agents, hardening agents, non-oxidizing biocides, encapsulating 
agents, tabletting aids, binders, perfumes, colorants, algaecides, fungicides, and other ingredients 
known in die art may be added to the water treatment composition of the present inyention while 
maintaining the efficacy of the coinpbsition and without destroying the structural integrity of the 
solid form. The incorporation of additives can significantiy deraease the manufecturing costs of 
the solid water treatment conq)osition. For example, it has been discovered that certain metal 
salts such as metal sulfates, phosphates, carbonates, fluorides, and selected organic conipounds 
such as cellulose and derivatives thereof, polyethyleneoxide derivatives, polyoxypropylene- 
polyoxyethylene co-polymer derivatives, caibowax and derivatives thereof having dissolving 
rates similar to or less than the halamine reaction products formed by the reaction of the at least 
one halogen source and the at least one amine compound can be incorporated into the water 
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treatment composition without destroying the stractural integrity of the soKd form. Calcium 
sulfite is particulariy useful as an additive because significant amounts of expensive halogen 
source can be replaced with the metal salt while maintaining the efficacy of the soUd water 
treatment composition of the piresent invention. 

The water treatment composition of the invention can be formulated to be used in a wide 
variety of water systan and aqueous media. Hie concentrations and ratios of the at least one 
halogen source and amine compound as weU as the particle size and distribution wiU vary 
according to the system being treated Any aqueous media or..water syston that can be treated 
withhypohalitecan be treated with the watertieatmentcomp^^ An 
advantage of the present invention is that the water treatment composition can be readily 
formulated to achieve the desired dissolving rate of the at least one halogcm source. For 
example, BCEMH is widely used as an automatic toilet cleaning tablet because it has an 
acceptable dissolving rate and does not generate objectionable chloramine odors. The use of 
TCCA products in this application have been limited because TCCA dissolves fester than 
BCEMH and generates objectionable chloramine odors. Howevo:, TCCA can be used in the 
compositions of the present invention to pnxiuce a 

those of BCEMH by using TCCA in combination with an amine compound such as melamine. 
Furthermore, BCEMHhas not been as widely used in the cooling tower market as BCDMB; 
because BCEMH dissolves fester than BCDMH. However, combinations of BCEMH and amine 
compounds such as melamine in the solid water treatment composition of die present invention 
can produce a product that has properties similar to those of BCDMH. Further, the proper 
combination of TCCA and amine compounds such as melamine in the solid water treatment 
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composition of the present inyention can be used to produce a product having properties similar 
toBCDMH. 

The amount of at least one halogen source contained in the solid water treatment 
composition will dq>end on the amount of halogen necessary to treat a particular water system. 
The halogen source may con^rise as little as about 10%. The at least one halogen source 
generally comprises from about 20% to about 99% by weight of the solid water treatment 
composition depending on the halog^ requirements of the system to be treated. Preferably, the 
at least one halogen source con:q3rises from about 30% to about 95 % by weight of the solid 
water treatment composition. More preferably flie at least one halogen source comprises about 
20% to 85% by weight of the solid water treatment compositioiL For example, the most 
preferred amount of at least one halogen source is about 70% by weight of the solid water 
treatment composition when the composition is used to treat toilet water. 

The amount of at least one amine compound contained in the solid water treatment 
composition is dependent on the amount of at least one halogen source and the desired dissolving 
rate. The at least one amine confound must be in an amouiot effective to reduce the dissolving 
rate of the at least one halogen source by reacting with the hypohalite species to form halamine 
on or near the surface of the solid water treatment composition. The at least one amine 
compound may be in an amotmt as little as 1%. The at least one amine compound may comprise 
from about 1 % to about 80% by weigjht of the solid water treatment composition. Preferably, die 
amoxmt of at least one amine compound can range from about 10% to about 60% by weight 
Most preferably, the amount of at least one amine compound is about 20% by weight when the 
solid water treatment composition of the present invention is used to treat toilet water. 
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The amount of at least one tabletting additives wiU vary depending on the amount of the 
at least one halogen somce and the at least one amine compound used as weU as the water system 
being treated. The amount of can be as much as. or more than 90% by weight of solid water 
treatment composition. Typical amounts of additives will range from about 5% to about 75% by 
; vreight of the solid water treatment composition. Preferably, the amount of additives will range 
from about 25% to about 75% by weight of soUd water treatment composition. More preferably. 

additives WiU comprise about 20% by wdghtofsoUd water treatment composition. TTiem 
preferred tabletting additive for toflets is calcium sulfate. 

Ill a particularly prefeired embodiment of the invention useful for cleaning toilet water, 
the at least one halogen source comprises about 70% by weight, the at least one amine compound 
comprises about 10% by weight and additives comprise about 20% by weight of fte solid water 
treatment composition. The most prefened embodhnent comprises about 70% by weight 
tiichloroisocyamiric acid, about 10% by weight melamine and about 20% by weight calcimn 



The water treabncot compositions may be blended powders in packages or may be 
compressed, cast, agglomerated, extraded or molded into solid forms. As tised herein, 
compacted tablets include. peUets, tablets, pucks, sticks, briquettes or other sh^ fonned by 

hydrauUc or mechanicd pressure suffident to produce a soUd form that maintains is sha^ 
Compressed shapes can be unitary compacted tablets. The soUd water treatment composition 
m^also comprise aplurality of discreet granules. The discreet granules may contain at least 
one halogen source and at least one amine compomid. The discreet granules may further 
comprise at least one tabletting additive. Mfattures of discreet granules may comprise j 
granules containing at least one halogen source and at least one amine compound but no 
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tabletting additive. The mixture of discreet granules may further comprise granules containing at 
least one tabletting additive but no halogen source or amine compound. 

The weight of the solid form will vary depending on the water treatment system being 
treated ranging &om as little as 0.3 grams to over 800 grams. Generally, the solid water 
treatment composition tablets will weigh at least about 5 grams. It will be appreciated that 
different shapes and sizes can be manufactured for the different water treatment applications. For 
example, a solid form may be about Va^ thick by about VJ* in diameter or about 3*' thick by 4" in 
diameter. 

The solid water treatment compositions can be made fiom different particle sizes and by a 
variety of mixing, granulation and compressing methods. The preferred methods utilizes 
ingredient-blending techniques wherein the at least one halogen source and the at least one, 
amine compound are combined to form an admixture. The admixture may further comprise at 
least one tabletting additive. The admixture is compressed into a solid form by applying an 
effective amount of pressure. Typical pressures used to form compacted solid water treatment 
composition range fiom about 5000 to 20,0000 p.s.i. 

Preferably, sinular size particles of tiie at least one halogen source and at least onl^ 
amine compound are used. The at least one halogen source and at least one amine compound of 
the most preferred methods of producing the water treatment composition of the invention have 
particles less than 60 mesh U. S. standard screen. For example, when about 99% of the particles 
are £ner than about 60 United States standard mesh screen, the admixture should be granulated 
into the preferred particle size before molding or forming into the solid water treatment 
composition of the invention. To form the preferred particle size, the admixture is compressed 
under sufficient pressiure to fomi a flat solid composition or wafer. The flat solid composition is 
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then broken into particles of between about 10 and 60 mesL Hie prefened particle distribution i 
about99%greaterthan about 60meshandaboutl%nogreaterthanabout 12 mesh. Pressure is 
appUed to the admixture effective to form a soUd water treatment composition. 

Tabletting may be incorporated into the solid water treatment compositions. The 
preferred method of producing the soUd water treatment composition comprising tabletting 
provides a first portion of the at least one halogen source and at least one amine compound and a. 
second portion comprising tabletting additives. The first and second portions are compressed 
under an effective amouit of pressure to fiirm afiistand second flat solid composition. He first 
and second flat soUd compositions are broken into particles having particle distribution about 
99»/. greater tiian second admixture is produced by admixing die additives separately ftom flien 
60 mesh and about 1 % no greater than 12 United States standanl screen. The partides 
combined to fisrm Am admixture. The admixture may further be compress 
sufficient to maintain a soKd fijrm typically fiom about 5000 to 20,000 p.s.i. 

The solid water treatinent compositions are used for disinfectinft cleaning and controlling 
biofouling of a water system. The present invention contenqilates that the desired level of flie at 
least one halogen cbncentnition in a particular water qrstan is readily ascertaii^ 
skiUed in flie art: The soMd water treatment composition can be formulated to treat cooling 
towers, swimming pools, spas, decorative fountains, dehumidifiers, waste water treatment ' 
systems, laundry cleaning and sanitation systems, sink sanitizer systems in bars 'and restaurants, 
hard sut&ce disinfectant systems in food service areas, disinfectant/sanitizer systems in the 
brewing industry, disinfectant systems for fiuit and vegetable wash, ponds, reservoirs and toilets. 
The dissolving rate of flie at least one halogen source can be easUy controUed by adjusting the 
ratio of tiie at least one halogen source-and at least 6ne amine compound to slow tiie dissolving 
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rate of the at least one halogen source to the desired rate for the particular water system being 
treated. 

For example, the optimum free available halogen concentration varies in a water system 
depending on the type of system and other environmental factors that must be taken into 
consideration. Cooling tower water generally requires free and combined available chlorine from 
about 1.0 to 10 ppm; swixmning pools generally require free available chlorine from about 1 .0 to 
5.0 ppm; spas generally require free available chlorine from about 3.0 to 5.0 ppm; toilet water 
generally requires free and combined available chlorine from about 2 to 30 ppm; potable water 
generally requires free and available chlorine from about 2.0 to 3.0 ppm; and cleaning and 
sanitiang solution generally requires chlorine from about 100 ppm. The amount office 
available chlorine or bromine necessary for treating a particular system is well known in the art 

The solid water treatment composition of the present invention can be readily formulated 
to provide the optimum fixe available halogen concentratioiL The solid water treatment 
composition may be introduced into the water of a water system by placing the composition in 
direct contact with the water. The solid water treatment composition may al^o be placed in a 
holding device and then placing the holding device containing the solid water treatment 
composition into water. 

EXAMPLES 

The following examples further illustrate the present invention, and are provided as 
exemplary but not restrictive as to the scope of the invention. 
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Example 1 

Tablets were prepared by the foUowing procedure. The desired portion of the granular 
ingredients are blended together and the compressed to fonn a compressed shape having the 
^ desired physical properties, e.g. 100 grams, 2.25" in diameter and 1" thicfc For tablets having a 
composition of 79.21 weight percent TCCA. 19.80 weight percent melamine and .99 weight 
percent magnesium stearate. sufBcient amounts of the respective ingredients are weighed 
separatelytomaketowtablets. Thus. 158.42 grams ofTCCA. 39.60 grams of melamine and 
1.98 grams of magnesium stearate are weighed separately and added to a glass jar. A Kd was 
screwed on the jar and the ingredients were blended by hand tumbling the ingredients for five 
minutes. One tablet is made by taking a one hundred gram portion of the Wended ingredients in 

atablet punch die sets, and then placed inalaboratoryhydrauKc press where 30 tons of pre^ 
is applied to the punches. TTie tablet is removed and stored in a sealed polyethylene container. 

Example 2 

The foUowing pnjcedure was used to customize the TCCA/melamine tablets. The 
procedure typicafly involved admixing t^ie halogen.source and the amine.compounds, 
compacting the mixture and breaking up the resulting compact to fonn particles less than %\ An 
admixture of the other ingredients was processed in the same manner. The two admixtures were 
combined and blended by hand by tumbling the ingredients fer five minutes. One tablet is made 
by taking aone hundred gram portion of the blended ingredients in a tablet punch die sets, and 
then placed in a laboratory hydrauHc press where 30 tons of pressure is appUed to thepunches. 
The tablet is removed and stored in a sealed polyethylene contamer. 

A tablet composition was made by combining 75.43 weight percent TCCA, 10.78 weight 
percent melamine. 12.93 weight percent calcium sulfate and .86 weight percent magni 



lesium 
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stearate. Two 100 gram tablets were made by admixing 150.86 grams of TCCA with 21.56 
grams of melamine by hand tumbling the admixture in a sealed jar for five minutes. The blend 
was then compressed to form thin wafers about 20 grams each that were then broken up with a 
mortar and pistil to form particles of < Va\. A second admixture was made by combining calcium 
5 sul&te and magnesium stearate and processed in the same mann^. The two admixtures were 
combined and processed by the procedure in Example 1 . 

Examples 

The following experimental technique was used to assess the potential of candidate 
compositions. This was achieved by determining the steady state dissolving rates of tablets of 

10 given percent weights of the at least one halogen source and at least otie amine compound in the 
equipment ^own in Figure 1. Ineach test, a tablet was suspended m \vater flowing through the 
unit at a constant temperature (VS^'F) and a constant flow rate (75 ml/min). The total available 
halogen concentration of the water being discharged from the unit was determined every 30 
minutes. Samples were taken fiom the discharge stream water at the sample port and the total 

15 chlorine measured with a DPD chlorine tesit kit The total available chlorine conceniiation was 
recorded as parts per milHon (ppm) of total available cMorine. The total available chl^ 
measurements were continued until the first steady state condition was attained in the dissolving 
unit The first steady state condition is defined as the point in time where the total available 
chlorine concentration stopped increasing and remained constant for two hours. At the first 

20 steady state condition, the tablet was dissolving in the flowing water at a rate fast enough to 
replace the available chlorine that was being removed fiom the unit by the discharge stream. 
The following equation was used to determine the first dissolving rate of the tablets: 
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10 



15 



20 



(Avaioo) ~ 

where TDR„ = Tbs dissolving rate of the tablet at steady state, milligrains(mg)Anm. 

TAC„- The total available chlorine of the water in the tablet-dissolving unit at 
steady state, ppm 5"^« 
A = Conversion fector (ppm to milligrams per Uter), mg/L/ppm 
F,= Flow rate of the tap water to the tablet dissolving unit, cotain for 
mLAnin) 

B = Conversion fector (millim^ to. UtcrXL/inl 

AvC = Available chlorine of tablet, % 
100 = Conversion fector (percent to wei^t fiaction), % 

The tablets used to genentethe data by tMs tecAniqnc weighed 100 grauB 
measured approximately! inch thick by 2^ inches diameter. All tablets wer« made by 
compacting blends of TCCA and melamine at 30 tons on a laboratory hydiauUc press. 
Magnesium stearate (1 weight percent) was ^ded to each tablet to aid in the compaction of the 
particles. 

Example 4 

lie foUowing example demonstrates the properties typically observed with TCCA tablets 
and tablets comprising varying wdght percent amou^ 
available cWorine concentration in ppm, the dissolving rate and sol^^^ 
detcnnined at dM first steady state conditioa The results are shown in Table I. 
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TABLE I 
Steady State Dissolving Tests 
On Tablets Comprising TCCA and Melamine 



By % weight Chlorine con. Dissolving pHof 





Ppm 


Rate 
mg/mln 


unit 
water 


TCCA 100 


222 


1838 


7.13 


TCCA90/M10 


205 


19.02 


6.95 


TCCA8S/M15 


103 


10.16 


7M 


TCCA80/M20 


90.6 


10.12 


7.92 


TCCA70/M30 


263 


3.13 


8.95 


TCCA60/M40 


6.0 


0.83 


938 



As can be seen fix)rn the data^ after approximately 10 weight percent of melamine was 
added to the water treatment composition, the dissolving rate significantly decreased and the pH 
level increased. Thus, the dissolving rates and chlorine concentrations of TCCA can be controlled 
by the addition of varying percent weight amounts of melamine to the water treatment 
compositiori. ' 



Examples 

The following example shows the first steady state dissolving rate of tablets comprismg 
various weight percent amounts of BCEMH and melamine having the same dimensions at the 
TCCA tablets. The tables were'tested under the same conditions as the TCCAAnelamine tablets. 
The chlorine concentrations and dissolving rates were determined at the first steady state 
condition. The results are summarized in Table n. 



-21- 



SUBSTUUTE SHEET (RULE 26) 



WO0(W34I86 PCr/US99/27861 



10 



TABLE n 
Steady State Dissolving Tests 
On Tablets Comprising BCEMH and M elamine 
By % weight '■ Chlorine cone Dissolving 





ppm 


Rate 
mg/mln 


BCEMH 100 


75 


9.992 


BCEMH 90/M 10 


66.7 


9J00 


BCEMH 85/M 15 


57.6 


8.420 


BCEMH 80/M 20 


363 


5.630 


BCEMH 75/M25 


15.4 


2.550 


BCEMH 70/M 30 


8.5 


i.490 



As can be seoi by the test results, die steady state dissolymg rates of tablets made fiom 
BCEMH and melamine decreased ftpm about 9.99 to 1.49 mg/min as the melamine content of 
the water treatment composition increased from 0 to 30 wt %. Tli«e i^ults demonsfi^ that the 
dissolving rate of BCEMH tablets can be customized to produce tablets with dUssolving rates . 
lower than tablets comprising BCEMH alone, by adding melamine in varying percent weights. 

Ezample6 

Atoilet flushii^ test was utilized to evaluate die average dissolving rate, the effect on the 

chemistry of flie water and the chlorme content of the air over die water of the toUets treated with 

die water treatment compcsition tablets of flie present invention and BCEMH tablets. Each test 

consisted of placing two tablets of the water treatment conqwsition in one toilet and two tablets . 

15 BCEN4H m anodier toUet Figure 2 is a schemadc of die toflet design. As shown, bodi toilets 

were connected to a common source of tap water so that die temperature and the chemistry of the 

water were Uie same for each toilet Each water line was equipped widi a solenoid valve diat 

could be opened and closed at a predetemiined frequency and duration by a programmable 

actuator. The toUets were flushed every 30 seconds for 16 hours (2,000 flushes per 16 hours). 
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The flush cycles were then suspended for 8 hours. The tank of each toilet was equipped with two 
ports. One port was used to determine the chlorine content of the air in the headspace of each 
toilet could be determined duzing each suspended flush cycle. The other port was used to obtain 
samples of the water in each toilet tank near the end of each suspended flush cycle. 
5 The chlorine content of the air of the head space of each tank was detemiined with Gastec 

Passive Dosimeter Tubes For Chlorine, which were inserted through a rubber stopper in each gas 
sampling port» at the fourth hour of the suspended flush cycle. The tubes were removed before 
the end of the seventh hour of the suspended flush cycle. The chlorine reading in ppm was 
divided by the hxmiber of hours the dosimeter tube was left in the gas sampling port 
10 Water samples were taken fiom each toilet tank after the chlorine gas sampling tubes were 

removed. The pH and the total available chlorine concentration were then determined. The pH 
was determined with a standard laboratory pH meter. The total available chlorine concentration 
was determined by the same method described above. 

The tablets were removed at the 7^ hour, carefully patted with absorbent paper towels to 
15 remove excess moisture and weighed. The tablets were repositioned in the respective toilets just 
before the 16* hour flush cycle was re-initiated. 

The average dissolving rate of each tablet was determined by flie formula shown below: 
TDRxpT- (W,-WjyTC 

where, TDRj^r = average dissolving rate of tablet for time, T, grams/hour 
20 Wt=» weight oftablet at start of toilet flushing test, grams 

W2= weight oftablet at time, T, grams 
T » time, days 

C = conversion factor, 24 hours/day 
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Note, two tablets of each composition were typicaUy used in a toUet flushing test Thus, 
the average dissolving rate for two tablets can be calculated by adding the average dissolving 
rates of each tablet and dividing by two. 

In the following examples. BCEMH tablets were used as the reference compositioji in 
each test. The dimensions, the shape and the weights of the BGEMH tablets and the water 
treatment compositions of the present invention were essentially the same in each test 

Example 7 

Data were generated to con^are the average dissolving rates for TCX::A tablets with those 
of the bromine product referred to as BCEMH tablets under the conditions described above in 

EXAMPLE 4. The water temperature was 58-66T during the test The data showed that the 
TCCA tablets dissolved fester than the BCEMH tablets. For example, the wei^ of TCCA 
tablets decreased fiom 99.9 and 100.1 to 36.9 and 36.3 grams, respectively over a period of II 
days. The average dissohdng rate of each TCCA tablet under these test conditions were 
calculated to be 0.239 and 0.242 gramAour, respectively. The average dissolving rate of the two 
TCCA tablets was detennined to be 0241gram/hour. The data also show that the weights of flie 
BCEMH tablets deceased fiom 100 and 99.9 to 62 J and 552 grams, respectively. TTie average 
dissolving rate of each tablet was determined to be ai42'and 0.169 gram/hour. Tims, the average 

dissolving rate of the two tablets was 0. 156 gram/hour. 

The total available chlorine concentration in Oe toilet water treats wifli TCCA tablets 

was found to decrease fiom 75 to 292 ppm during the test For the BCEMH tablets, the total 

available halogen concentration (as available chlorine) ranged fiom S3 to 16.7 ppm. 

The chlorine concentration in the air inside the toilet tank above the water treated with the 

TCCA tablets was detemiined to be 2.9 ppm after one day. Although it decreased to zero by the 
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next day, a strong chloramine odor was present in the toilet flushing test room throughout the 
lest Also, the chloramine odor was overpowering when the TCCA tablets were removed each 
day for weighing. Chlorine was not detected by the Gastec Passive Dosimeter Tubes in head 
space of the toilet tank containing the BCOilH tablets. 

The pH of the water treated with TCCA tablets ranged from 7.28 to 8.70, whereas it 
ranged from 8.69 to 9.60 in the water treated with the BCEMH tablets. 

Example 8 

Data were generated to obtain a comparison between the average dissolving rates for 
TCCA/melamine (90/ 10 % weight) water treatment composition tablets and reference BCEMH 
tablets under the conditions described above. The water temperature during the run was 45-48°F. 
Figure 3 shows the decrease in weights of both types of tablets with time. The data show that the 
TCCA/melamine tablets dissolved fester than the BCEMH tablets. For example, the weights of 
the TCCA/melamine tablets decreased from 100.4 and 100.7 to 73.1 and 76.2 grams, respectively 
over a period of 8 days. The average dissolving rate of the tablets was calculated to be 0.17986 
grams/hour. The data also showed that the weights of the BCEMH tablets decreased from 101.5 . 
and 101.6 to 84.3 and 86.8 grams, respectively over the same period and conditions. The average 
dissolving rate of the two tablets was calculated to 0.1 1 1 1 grams/hour. . 

The total available chlorine concentration in the TCCA/melamine water treatment 
composition toilet water was found to decrease from 33.3 to 29.2 ppm during the test For 
BCEMH tablets, the total available chlorine in the water fluctuated between 18.7 and 20.8 ppm. 

The pH of waters in the toilet tanks, ranged between 8.59 and 9.27 for tfie 
TCCA/melamine tablets and between 8.30 and 9.32 for the BCEMH tablets. 

Example 9 

-25- 

SUBSTITUTE SHEET (RULE 26) 



wo 00/34186 



PCT/US99/27861 



The following example shows that the dissolving rate of TCCA/melaniine tablets could 
be made to dissolve slower than BCEMH tablets by increasing the melamine content of the 
TCCAAnelamine compositions. The TCCAAnelamine (80/20 % weight) water treatment 
composition tablets were compared to BCEME tablets. The water temperature during the test 
was 42-46T. The test data shown in Figure 4 show that the tablet weights of the 
TCCAAnelamine tablets decreased fiom 100.5 and 100.4 to 88.2 and 86.1 grams, respectively 
during 8 days of the test The average dissolving rate of the tablets was calculated to be 0.0696 
gram/hr. 

The BCEMH tablet weights decreased from 100.6 and 100.0 to 70.6 and 70.4 grams, 
respectively. The average dissolving rate of the BCEMH tablets was calculated to be 0.156 
gram/hr. 

Tlie pH of the water in the toUrt tank containing the TCCAAnelamine tablets varied 
between 9.06 and 9J7 over 8 days of the test The pH of water in the toilet tank containing the 
BCEMH tablets fluctuated between 10.0 and 9J2. Tie total available chtorine concentration in 
the water of the toilet tank containing the TCCA/mefamine tablets fluctuated fiom 21.9 to 29.2 ^ 
ppm during the test Tie BCEMH tablets provide total available dilorin^ between 18.8 and 20.4 
ppm during the test No chlorine was detected in the headspace of either toilet tank. 

Example 10 

Data were generated that showed that the dissolving rate of TCCA/melamine tablets 
could be made to dissolve considerably slower than either the BCEMH or the 80/20 weight 
percent TCCA/melamine tablets by increasing the melamine content of the TCCA/melamine 
tablets to 30 percent weight The water teo^eramre during the test was 38-41T. The data 
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Figure 5 shows that the TCCA/melamine (70/30 % weigjbt) tablets dissolved slower than the 
BCEMH tablets under the same test conditions. 

The test data showed that the tablet wei^ts of these TCCA/melamine tablets 
decreased from 100.6 and 100.4 to 86.6 and S3.2 grams, respectively during 19 days of the test 
The average dissolving rate of the tablets was calculated to be 0.0684 grams/hr. 

The BCEMH tablet weights decreased from 102.3 and 100.4 to 60 and 56.7 grams, 
respectively. The average dissolving rate of the tablets was calculated to be 0.0963 grams/hr. 

The pH of the water in the toilet tank containing the TCCA/melamine tablets varied 
between 7.75 and 9.96 over 19 days of the test. The 7.75 rcadmg was observed in the second day 
of the test The pH remained above 9 after the second day. The pH of water in the toilet tank 
containing the BCEMH tablets fluctuated between 8.1 1 and 9.54. 

The total available chlorine concentration in the water of the toilet tank containing the 
TCCA/melamine (70/30 % weight) tablets decreased £bom 54 to 14.5 ppm in the first 4 days the 
test After that, it fluctuated &om 9 to 18.7 ppm. The BCEMH tablet total available chlorine 
decreased steadily fiom 33 and 8.7 ppm in the first 4 days and then fluctuated between 9.5 and 
32 for the remainder of the test Chlorine was not detected in the headspaces of either toilet 
tank. 

Example 11 

The following example demonstrates that bulking agents may be added to the water 
treatment composition of the present invention without destroying the structural integrity of the 
solid form. The addition of other additives must be accomplished without effecting the chemistry, 
between the at least one halogen source and the at least one amine compound. TCCA and 
melamine were blended together in a sealed glass jar to prevent exposure to humid air. The 
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resulting blend was subdivided and compacted into thin wafers with a diameter of about 1 inch 
eacL The wafers were broken iqj with a mortar and pistil to form a granulated TCCA/melamine 
blend. 

Other ingredients were mixed and granulated separately fiom the TCCAAnelamine blend. 
Calcium sulfete and magnesium stearate were mixed and granulated as described above. The 
calcium sulfite blend was then mixed with the TCCA/melamine blend and compacted into the 
tablets used in the foUowing examples. This process maximizes the potential of stoichiometiical 
reaction between the melamine and tiie TCCA and is readily adapted to commercial practice. 

Example 12 

Calcium sulfite was added to TCCA/melamine conqjositions in increments of 5% and 
steady state dissolving rates were determined by the technique described The 
TCCA/melamine mole ratio was maintained at q)proximately 3.802 in all experiments. Table ffl 
summarizes tiie e}q)erimental results. AU mgredient amounts are in percent weights. 
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TABLE in 
Steady State Dissolving Rates 
of Tablets Comprising TCCA, Melamine and Additional Ingredients 
Dissolving Available TCCA Melamine Caldnm Magnesium 



Rate 
Mg/min. 


Chlorine 
ppm 






Sulfate 


Stearate 


17.43 


167.5 


85JS 


11.79 


4.71 


0^ 


17.57 


165 


78.83 


11.26 


9.01 


0.90 


18.09 


165 


75.43 


10.78 


12.93 


OM 


18.09 


165 


72J1 


10J3 


16.53 


0.86 


13.04 


109.5 


69.44 


9.92 


19.84 


0.80 



5 ,The solid fom maintained its structural integrity^ throttghont the e3q)eriments. As can be 

seen fiom the data, the dissolving rate of die water treatment compositions of the present 
invention can be fiirther customized by the addition of varying amounts of metal salts such as 
calcium sulfate. The solid water treatment compositions of the present invention can be 
economically formulated by including calcium sul&te or similar bulking agents in the solid water 
10 treatment compositions of the present invention. 

Example 13 

Data were generated to compare the average dissolving rates for TCCA tablets with those 

of tablets conq)rising about 75.4J wt % TCCA, 10.78 wt % melamine. 12.93 wt % calcium 

sulfate and 0.86 wt % magnesium stearate under the conditions described above in EXAMPLE 

15 4. Figure 6 shows the decrease in weights of both types of tablets with time under the test 

conditions. The water temperature was 64-67TF during the test The data show tiiat the TCCA 

tablets dissolved faster flian the TCCA/melamine tablets. For example, die weights of TCCA 
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tablets decreased fiom 1 00. 1 and 99.9 to 72.3 and 70.9 grans, respectively over a 6 day period. 
Tbt average dissolving rate of each TCCA tablet under these test conditions were calculated to 
be 0.193 and OJOl grams/hour. respectively. The average dissolving rate of the two tablets was 
detennined to be 0. 1 97 gram/hour. Th6 data also show that the weights of the TCGAAhelamine 
tablets decreased fiom 99.4 and 99.6 to 85.0 and 78.8 grams, respectively. The average 
dissolving rate of each tablet was detemiined to be 0.100 and 0.1444 gram/hour. Thus, the 
average dissolving rate of the two tablets was 0.1222 gram/hour. 

The total available chlorine concentration in flie toilet water treated with f CCA tablets 
was found to decrease fiom 75 to 8 J ppm during the test For the TCCAAnelamine tablets, the 
total available halogen concentiadon (as available chlorine) decreased fiom 70.8 and 12.5 ppm 
during the run. 

The chlorine concentration in'fljc air inside the toilet tank above the water treated with the 
TCCA tablets was detemiined to be 7.5 ppm after one day. It decreased to 1.4 ppx^over the next 
5 days. A strong chloramine odor was present in the toilet flushing test room. The odor became 
overpowering when the TCCA tablet^ were removed each day for wdighing. No ddorine was 
detected by the Gastec Passive Dosimetd^fub« in hiii space of the toilet tank cont^iing the 
TCCA/melamine tablets. 

Example 14 

A tablet of solid water treatment composition corn^i^g 79.20% weight tCCA, 19.80% 
weight melamine and 0.99% weight migneshm, stearate was immersed in water for 4 hours. Tie 
composition was removed from the water and a color change on the surfece layer of the tablet 
was observed. A sample of one of the surfeces of the tablet was obtained by carefully removing a 
portion of the surfede layer. The sample was placed in a Petri dish and dried in an oven for one 
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hour at lOO^'C. The dried material was placed in an airtight bottle until it was subjected to mass 
spectra analyses, FT-IR analysis was also conducted to screen compounds for functional groups. 

A portion of the material was dissolved in a 50/50 mixture of reagent grade 1-pentanol and 
reagent grade methanol The resulting solution was subjected to mass spectra analysis with a 
5 Varian Tandem Quadropole Engine having a mass range of 1 to 850 atomic mass units (aniu). 
The solution was scanned in the mass range of 10-400 amu. The mass spectra was then 
compared to the characteristics of trichloromelamine. The results indicated that the 
characteristics of the ions of the material obtained from the solid water treatment composition of 
the invention after water immersion were essentially tiie same as trichloromelamine (99.96% 
10 certainty). The solution was then subjected to a SIM mode analysis which also matched 
tricUoromelamine. The melting point ofthe material was 322.7^C, the same as 
trichloromelamine. 

Samples of melamine and TCCA also were separately subjected to mass spectra analysis 
and melting point determination. The mass spectra of melamine and TCCA were nearly identical 

15 to their respective mass spectra listed in the Merck MS library. Themeltingpoint of melamine 
was determined to be 34rC and the melting point of TCCA was determined to be 232,9°C. The 
results of the mass spectra analyses clearly showed halamine was formed on or near the sur&ce 
layer of the solid water treatment composition after the composition was immersed in water. The 
results fiuther indicate that the reaction did not occur in the interior of the solid water treatment 

20 composition. 

A sample was taken fiom the interior portion of &e solid water treatment composition and 
subjected to the same mass spectra analyses as described above. The results of the analyses 
indicated that tiie material was essentially identical to a mixture of TCCA and melamine. The 
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solution was subjected to a SIM mode analysis which demonstrated that the ion species matched 
diose of TCCA and melamine. 

The present invention is not to be construed as limited in sqope to the specific 
embodiments described herein. Indeed, various modifications of flie invention in addition to 
those described herein wiU become apparent to those skilled in the art fiom the foregoing 
description and acconq»anying figures. Such modifications are intended to faU within tiie scope 
of the upended claims. 
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CLAIMS 

I claim: 

1 . A solid water treatment composition comprising at least one halogen source and at 
least one amine compound. 
5 2. The solid water treatment composition of claim 1 further comprising at least one 

tabletting additive. 

3. The solid water treatment composition of claim 1 wherein said at least one halogen 
source comprises &om about 20% to about 99% by weight and said at least one amine 
compound comprises from about 1% to about 80% by weight of said solid water 

10 treatment con^sosition. 

4. The solid water treatment conqsosition of claim 1 wherein said at least one halogen 
source composition comprises fiom about 30% to about 95% by weight and said at 
least one amine compound comprises from about 10% to about 75% by weight of said 
solid watar treatment conqjosition. 

15 5. The solid water treatment composition of claim 2 wherein said at least one halogen 

source composition comprises from about 20% to about 85% by weight, said at least 
on amine compound comprises from about 10% to about 60% by weight and said at 
least one tabletting additive comprises fiom about 5% to about 75% by weight of said 
solid water treatment composition. 

^0 6. The solid water treatment composition of claim 5 wherein said at least one halogen 

source composition comprises about 70% by weight, said at least one amine 
compound comprises about 10% by weight and said at least one tablettmg additive 
comprises about 20% by weight of said solid water treatment composition. 
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7. The soUd water treatment composition of claim 2 wherein the at least one halogen 
source comprises fiom about I%to about 10% by weight, the at least one amine 
compound comprises from about 1% to about 10% by weight and the at least one 
tabletling additive con^rises about 90% by weight of said solid water treatment 
composition. 

8. The soUd water treatment composition of claim I wherein said at least one halogen 
source provides a halogen selected fiom the gcoxxp consisting of chlorine bromine 
and iodine or combinations thereof 

9. The sohM water treatment composition ofclaim 8 wherein said atl^^ 
source provides a chlorine. 

10. The solid water treatment composition of claim 8 wherein said at least one halogen 
source provides a bromine. 

11. The solid water treatment composition of claim 1 wherein said at least one halogen 
source comprises a member selected fiom the group consisting of trichloroisocyanuric 
arid, dichloroisocyamiric acid, monochloroisocyanuric acid, potassnim 
dichloroisocyanuric acid, anhydrous sodium dichloroisocyanuric acid, sodium 
dichloroisocyanuricdihydrate, tribromoisocyanuric acid, monobromoisocyanuric 
acid, dibromoisocyanuric acid, bromo-chloroisocyanuric add derivatives, 1,3- 
dichloro-5,5wlimethyl-hydantoin, l,3-dibn)mo -5,5dimethyl-hydantoin, 1.3-chloro- 
5,5-dimethyl-hydantoin, 1 bromo,3-chloTO-5,5-dimediyl-hydantoin, l,3-dichloro-5- 
methyl-5-ethyIhydantom. trichloromelamine, dichloromelamine, 
monochloromelamine, hexachloromelamine, tribronaomelamine, dibromomelamine, 
monohromelamine, calcium hypochlorite, Uthium hypochlorite, and combinations 
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thereof. 

12. The solid water treatment composition of claim 1 wherein said at least one halogen 
source compiises a member selected from the group consisting of a composition 
comprising one mole trichloroisjocyanuric acid aiid four moles potassium 

5 dichloroisocyanuric acid; a composition comprising sodium bromide and chlorine; a 

composition comprising potassium bromide and chlorine; a composition comprising a 
metal bromide and chlorine; and a composition comprising trichloroisocyanuric acid 
and potassium bromide. 

13. The solid water treatment composition of claim 1 wherein said halogen source 
10 comprises trichloroisocyanuric acid. 

14. The solid water treatment costposition of claim 1 \^erein said halogen source 
comprises about 60% by weight l-bromo-3-chloro-dimethyl hydantoin, about 30% 
by weight 1»3 dichloro 5^ dimediyl hydantoin and about 10% by weight 1,3* 
dichloro-5-ethyl, 5-methyl hydantoin based on the weight of the at least one halogen 

15 source. 

15. The solid water treatment composition of claim 1 wherein said at least one amine 
conqiound comprises an unhalogenated amine. 

16. The solid water treatment composition of claim 1 wherein said at least one amine 
compound comprises an aromatic amine. 

20 17. The solid water treatment composition of claim 1 wherein said at least one amine 

compound comprises a heterocyclic amine. 
1 8. The solid water treatment composition of claim 1 wherein said at least one amine 
compound is selected &om the group consisting of melamine and derivatives thereof, 
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pyrimidine derivatives, piperazine and derivatives thereof; piperidine derivatives, 
piperidone derivatives, piperazine dioncs and derivatives thereof; pyridine 
derivatives, pyridazine and derivatives thereof, napththyridines derivatives, 
anthracene derivatives, hydantoin derivatives, imidazole derivatives. imidazoUdinone 

derivatives, glycoluril derivatives, oxazoUdinone derivatives and combing 
mixtmes thereof. 

19. The solid water treatment composition of claim 1 wherein said at least one amine 
compound comprises melamine. 

20. The soKd water treatment composition of claim 2 wherein said tabletting additive 
comprises calcium sulfate. 

21. The soUd wata; treatment composition of claim 2 conqjrising about 70% by weight 
trichloroisocyanuric add, about 10% by weight melamine and about 20% calcium 
sulfate, based on the wcigjit of said solid water treatment compositibn. 

22. The soUd water treatment composition of claim 2 wherein said solid water treatment 
composition measures at least 1/4" thick and at least 1/2- m diameter. 

23. The solid water treatment conqwsition of claim 22 wherein said water treatment 
composition measures at least 3" thick and at least 4" in diameter. 

24. The soUd water treatment composition of claim 2 wherein said soUd water treatment 
composition weighs at least 5 grams. 

25. The solid water treatment composition of claim 1 in the form of a unitary compacted 
tablet 

26. The soUd water treatment composition of claim 2 in the form of a pluraHty of discreet 
granules. 
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27. The solid water treatment of claim 26 wherein each of said discreet granules contains 
at least one halogen source, at least one amine compound, and at least one tabletting 
additive. 

28. The solid water treatment composition of claim 26 wherein at least some granules 
contain of at least one halogen source and at least one amine compound but no 
tabletting additives. 

29. The solid water treatment composition of claim 28, further comprising granules 
containing at least one tabletting additive but no halogen source or amine compound. 

30- Tlie solid water treatment composition of claim 1 in the form of a powder. 

3 1. A method of producing a solid water treatment composition comprising admtbcing at 
least one halogen source and at least one amine compound. 

32. The method of claim 31 further comprising admixing at least one tabletting additive 
with the at least one halogen source and at least one amine compound. 

33. The metiiod of claim 31 wherein said admixture is coscipressed into a solid fonn by 
applying an effective amount of pressure. 

34. The method of claim 31 wherein said at least one halogen source comprises &om 
about 20% to about 99% by weight and said at least one amine compound comprises 
fiom about 1% to about 80% by weight of said solid water treatment composition. 

35. The method of claim 32 wherein said at least one halogen source comprises fiom 
about 30% to about 95% percent weight and said at least one amine compound 
conqirises fiom about 10% to about 75% by weight based on the weight of said solid 
water treatment compositioiL 

36. The method of claim 35 wherein said at least one halogen source composition 
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coinprises fiom about 20% to about 85% by weight, said at least on amine compound 
comprises fiom about 10% to about 60% by weight and said tabletting additive 
comprises fiom about 5% to about 75% by weight based on the weight of said soHd 
water treatmoit composition. 
37. The method of claim of claim 36 wherem said at least one halogen source 
composition comprises about 70% by weight, said at least one amine compomid 
comprises about 10% by weight and.said tabletting additive comprises about 20% by 
weight of solid water treatment composition basecl os the wei^t of said soUd water 
treatment composition. 

38. Hie method of claim 34 wherein the at least one halogen source comprised fiom 1% 
to 10% by weight, the at least one amine confound comprises fiom 1% to 10% by 
weight and the tableUmg additive comprises about 90% by weight based on the 
weight of said solid water treatment conqiosition. 

39. ITie mediod of claim 31 wherein said at least one halogen source provides a halogen 
selected fiom the group consisting of chlorine, bromine and iodine or combinations 
thereof. 

40. Hie method of claim 39 wherem said at least one halogen source comprises a 
chlorine. 

41. The method of claim 39 wherein said at least one halogen source comprises a 
bromine. 

42. The method of claim 31 wherdnsaid at least one halogen source comprises a 
member selected fiom the group consisting of trichloroisocyanuric acid, 
dichloroisocyanuric acid, mouochloroisocyanuric acid, potassium dichloroisocyanuric 
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acid, anhydrous sodium dichloroisocyanuric acid, sodium dichloroisocyanuric 
dihydrate, tribromoisocyanuric acid, monobromoisocyanuric acid, 
dibromoisocyamiric acid, bromo-chloroisocyanuric acid derivatives, l,3-dichloro-5,5- 
dimethyl-hydantoin, 1,3-dibromo -5,5-dimethyI-hydaiitoin, l-2-chloro-5,5-dimethyl- 
hydantoin, 1 bromo,3-chloro-5,5-dimethyl-hydantoin, l,3-dichIoro-5-methyl-5- 
ethylhydantoin, trichloromelamine, dichloromelamine, monochloiomelamine, 
bexacUoromelamine, tribromomelamine, dibromomelamine, monobromelamine, 
calcium hypochlorite, lithium hypochlorite, and combinations tfiereof. 

43. The method of claim 31 wherein said at least one halogen source comprises a member 
selected fiom the group consisting of a composition comprising one mole' 
trichlozoisocyanuiic acid and four moles potassium dichloroisocyanuric acid; a 
composition comprising sodium bromide and a chlorine; a composition comprising 
potassium bromide and chlorine; a composition comprising a metal bromide and 
chlorine; and a composition comprisiiig trichloroisocyanuric acid and potassium 
bromide. 

44. The method of claim 31 wherein said halogen source comprises trichloroisocyanuric 
acid. . . 

45. The method of claim 3 1 wherein said halogen source comprises about 60% by 
weight l-bromo-3-chloro-dimethyl hydantoin, about 30% by weight dichloro- 
dimethyl hydantoin and about 10% by weight l,3-dichloro-5-ethyl, 5-methyl 
hydantoin. 

46. The method of claim 31 wherein said at least one amine compound comprises an 
unhalogenated amine. 
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47. The method of claim 3 1 wherein said at least one amine compomid comprises an 
aromatic amine. 

48. nie method of claim 31 wherein said at least one amine compound comprises a 
heteroQrclic amine. 

49. "niemetbodofclaimaiwhereinsaidatltsistoneaminecompoimdisselectedfrom 
the group consisting of melamine and derivatives thereof pyrimidine derivatives, 
piperazineandderivarivesthereot piperidine derivatives, piperidone derivatives, 
piperazine diones and derivatives thereof pyridine derivatives, pyridaane and 
derivatives thereofi napththyridines derivatives, anthracene derivatives, hydantoin 
derivatives, imidazole doivatives, imidazolidinone derivatives, glycoluril derivatives, 
oxaalidincme derivatives and comWnations or mixtures flieteof 

50. The method of claim 31 whom said at least one amine compound comprises 
melamine. 

51. nie method ofclaim 32 wherein said tabletting additive is calcium sulfite. 

52; The method of claim 32 wherein said halogen souice comprises about 70% by weight 
trichloioisocyamiric add, said at least one unhalogenated amine compomid 
comprises about 10% by weight melamine and said tabletting additive comprises 
about 20% caldum-sul&le. 

53. The method of claha32wherrin said admixture is fomied by providingafirstportio 
comprising at least one halogen source and at least one amine compound, providing a 
second portion comprising at least one tabletting additive and combining said first 
portion and said second portion. 

54. Tlie method of claim 33 wherein said particles ar« about 99% greater than 60 mesh 
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and about 1% no greater than 12 mesh prior to applying said pressure to said 
admixture. 

55. The method of claim 53 wherein the admixture is formed by applying pressure to 
said first portion and said second portion in an amount effective to form a first flat 
solid conq)osition, breaking said first flat solid composition into particles having a 
particle distribution about 99% greater than 60 mesh and about 1% no greater than 12 
mesh. 

56. The method of 55 wherem said admixture is compressed into a compacted tablet by 
applying an effective amount of pressure, 

57. A method of disinfecting and controlling biofouling of a water system comprising 
introducing into water of die water system an effective amount of solid water 
treatmoit composition according to claim 1 

58. The method of claim 57 comprising introducing into the water a solid water treatment 
composition according to claim 2. 

59. The method of claim 57 comprising introducing into the water a solid water 
treatment composition according to claim 3. 

60. The method of claim 57 comprising introducing into the wat^ a solid water treatment 
composition according to claim 4. 

61. The mediod of claim 58 comprising introducing into the water a solid water 
treatment composition according to claim 5. 

62. The method of claim 58 comprising introducing into the water a solid water 
treatment composition according to claim 6. 

63. The method of claim 57 comprising introducing into the water the solid water 
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treatment composition according to claim 7. 

64. The method of claim 57 comprising introducing into the water a solid water treatment 
composition according to claim 8. 

65. The method of claim 57 wherein comprising introducing into the water a solid water 
treatment composition according to claim 21. 

66. The method of claim 57 whmm said solid water treatment composition according to 
claim 1 is introduced into the water by placing said solid water treatment composition 
in direct contact with water. 

67. Tlie method of claim 59 wherein said solid water treatment composition according to 
claim 1 is introduced into the water by placing said solid water treatment composition 
in a holding device and thai placing said solid water treatment compositibn in direct 
contact with water. 
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